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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas turbine 
power generation system capable of further improving 
thermal efficiency when compared with a conventional 
regenerative microgas turbine. 

SOLUTION: In this gas turbine power generation system 
having an intake compressor, a preheating or combustion 
device, a turbine, a regenerator, and a generator, a 
second turbine and a second heat cycle mechanism 
composed of a pressure restoration compressor are 
provided together on an exhaust side of the turbine to 
supply exhaust gas of the turbine to the second turbine 
and expand its outlet pressure excessively below the 
atmospheric pressure, then its outlet gas is introduced 
into the pressure restoration compressor after passing 
through the regenerator to raise its exhaust pressure up 
to the vicinity of the atmospheric pressure, discharge it 
into the atmosphere, and drive the generator. Owing to 
the configuration, quantity of heat discharged to the 
outside without being converted to work in the inputted 
heat energy is reduced, an output is increased, and energy utilization efficiency is improved. 
Furthermore, if exhaust gas of the second turbine is introduced into the pressure restoration 
compressor after passing through the regenerator and a gas cooling device in the second heat 
cycle mechanism, an output is increased and thermal efficiency is improved further. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas turbine power 
generation system capable of further improving thermal efficiency 
when compared with a conventional regenerative microgas turbine. 
SOLUTION: In this gas turbine power generation system having an 
intake compressor, a preheating or combustion device, a turbine, a 
regenerator, and a generator, a second turbine and a second heat 
cycle mechanism composed of a pressure restoration compressor 
are provided together on an exhaust side of the turbine to supply 
exhaust gas of the turbine to the second turbine and expand its 
outlet pressure excessively below the atmospheric pressure, then 
its outlet gas is introduced into the pressure restoration 
compressor after passing through the regenerator to raise its 
exhaust pressure up to the vicinity of the atmospheric pressure, 
discharge it into the atmosphere, and drive the generator. Owing to 
the configuration, quantity of heat discharged to the outside 
without being converted to work in the inputted heat energy is 
reduced, an output is increased, and energy utilization efficiency is 
improved. Furthermore, if exhaust gas of the second turbine is 
introduced into the pressure restoration compressor after passing 

through the regenerator and a gas cooling device in the second heat cycle mechanism, an output is 
increased and thermal efficiency is improved further. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The inhalation-of-air compressor which carries out inhalation compression of the atmospheric air, and 
the equipment which it mixes [ equipment ] with fuel gas, and preheats or burns the compressed air 
incorporated through this inhalation-of-air compressor (henceforth a combustor), Have the turbine driven with 
the elevated-temperature high pressure gas from this combustor, and heat exchange of the exhaust gas of a 
turbine is carried out to the outlet air of said inhalation-of-air compressor through a regenerator. In the gas 
turbine system which cools this and is made to emit into atmospheric air as low-temperature exhaust gas The 
2nd heat cycle device which becomes the exhaust side of said turbine (henceforth the 1st turbine) from the 2nd 
turbine (henceforth an overexpansion turbine) and **** compressor is put side by side. After supplying the 
exhaust gas of said 1st turbine to the 2nd turbine and carrying out the overexpansion of that outlet pressure to 
below atmospheric pressure, while introducing this outlet gas into a **** compressor, raising that exhaust 
pressure force to near atmospheric pressure and making it emit into atmospheric air The gas-turbine-power- 
generation system characterized by driving a generator with the output of one side of said 1st and 2nd turbines, 
or both sides. 

[Claim 2] The gas-turbine-power-generation system according to claim 1 characterized by while leading the 
compressed air incorporated through said inhalation-of-air compressor to a combustor through a regenerator, 
leading to a **** compressor after it leads the exhaust gas of an overexpansion turbine to said regenerator, and 
it carries out heat exchange between the exhaust gas and the outlet air of an inhalation-of-air compressor by 
which the overexpansion was carried out, and cooling this exhaust gas further through a condensator. 
[Claim 3] The gas-turbine-power-generation system according to claim 1 or 2 which comes to use together the 
fuel cell characterized by leading to the 1 st turbine after combining and having the fuel cell which consists of an 
air pole and a fuel electrode, and an air preheater, supplying the compressed air incorporated through said 
inhalation-of-air compressor to the air pole of a fuel cell through an air preheater, mixing with assistant ** gas 
and burning the outlet gas. 

[Claim 4] The gas-turbine-power-generation system according to claim 3 characterized by introducing into the 
fuel electrode of said fuel cell the fuel gas for burning the air by which inhalation-of-air compression was 
carried out, and a fuel of the same kind, and burning the air supply to the 1 st turbine with the emission gas from 
a fuel electrode. 

[Claim 5] A gas-turbine-power-generation system given in claim 1 thru/or any of 4 they are. [ which comes to 
constitute the 2nd heat cycle device which consists of an overexpansion turbine and a **** compressor with a 
supercharger ] 

[Claim 6] It is a gas-turbine-power-generation system given in claim 1 thru/or any of 5 they are. [ which comes 
to install the 2nd heat cycle device which consists of an overexpansion turbine and a **** compressor in 2nd 
revolving shaft with the another revolving shaft of said 1 st turbine ] 

[Claim 7] A gas-turbine-power-generation system given in claim 1 thru/or any of 6 they are. [ which is 
characterized by supplying an overexpansion turbine after installing a reheater in the connection passage of the 
1st turbine and an overexpansion turbine and burning the outlet exhaust gas of the 1st turbine again ] 
[Claim 8] The inhalation-of-air compressor which carries out inhalation compression of the atmospheric air, and 
the equipment which it mixes [ equipment ] with fuel gas, and preheats or burns the compressed air 
incorporated through this inhalation-of-air compressor (henceforth a combustor), Have the turbine driven with 
the elevated-temperature high pressure gas from this combustor, and heat exchange of the exhaust gas of a 
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turbine is carried out to the outlet air of said inhalation-of-air compressor through a regenerator. In the gas 
turbine system which cools this and is made to emit into atmospheric air as low-temperature exhaust gas The 
2nd heat cycle device which becomes the exhaust side of said turbine (henceforth the 1 st turbine) from the 2nd 
turbine (henceforth an overexpansion turbine) and **** compressor is put side by side. After supplying the 
exhaust gas of said 1 st turbine to the 2nd turbine and carrying out the overexpansion of that outlet pressure to 
below atmospheric pressure, while introducing this outlet gas into a **** compressor, raising that exhaust 
pressure force to near atmospheric pressure and making it emit into atmospheric air The gas turbine power 
system characterized by taking out power from the output shaft of one side of said 1st and 2nd turbines, or both 
sides. 

[Claim 9] The gas turbine power system according to claim 8 characterized by cooling this exhaust gas further 
through a condensator, and leading to a **** compressor after it leads the exhaust gas of an overexpansion 
turbine to said regenerator and it carries out heat exchange between the exhaust gas and the outlet air of an 
inhalation-of-air compressor by which the overexpansion was carried out, while leading the compressed air 
incorporated through said inhalation-of-air compressor to a combustor through a regenerator. 
[Claim 10] The gas turbine power system according to claim 8 or 9 which comes to constitute the 2nd heat 
cycle device which consists of an overexpansion turbine and a **** compressor with a supercharger. 
[Claim 1 1] It is a gas turbine power system given in claim 8 thru/or any of 10 they are. [ which comes to install 
the 2nd heat cycle device which consists of an overexpansion turbine and a **** compressor in 2nd revolving 
shaft with the another revolving shaft of said 1st turbine ] 

[Claim 12] A gas turbine power system given in claim 8 thru/or any of 1 1 they are. [ which is characterized by 
supplying an overexpansion turbine after installing a reheater in the connection passage of the 1 st turbine and an 
overexpansion turbine and burning the outlet exhaust gas of the 1st turbine again ] 

[Claim 13] The inhalation-of-air compressor which carries out inhalation compression of the atmospheric air, 
and the equipment which it mixes [ equipment ] with fuel gas, and preheats or burns the compressed air 
incorporated through this inhalation-of-air compressor (henceforth a combustor), The turbine driven with the 
elevated-temperature high pressure gas from this combustor, and the overexpansion turbine which is connected 
to the exhaust side of this turbine and drives a motor generator, It is the approach of starting the gas-turbine- 
power-generation system equipped with the auxiliary inlet valve for putting in direct picking about the open air 
on the inlet-port side stream way of the **** compressor which compresses the exhaust gas of this 
overexpansion turbine again, and this **** compressor, a) The process which supplies power to a motor 
generator, is electric and puts an inhalation-of-air compressor and a turbine into operation where an auxiliary 
inlet valve is opened first, b) The process and c which supervise the inspired air volume and lifting of an outlet 
pressure of the inhalation-of-air compressor which increases as the rotational speed of a turbine shaft rises 
When this outlet pressure reaches a predetermined value, The process and d which feed a fuel into a combustor 
and light it The process which increases a fuel until it increases the quantity of a fuel gradually and reaches a 
rated revolution, e) Gradually, when the appliance inlet pressure of closing and a **** compressor turns into 
negative pressure gradually, power generates an auxiliary inlet valve in a turbine shaft. The process which 
supervises the situation that the motor generator shifts to the generator from the motor, f) The starting approach 
of the gas-turbine-power-generation system characterized by making a steady operation condition reach through 
the process which throws in a fuel further from this condition, is made to increase a generation-of-electrical- 
energy output according to charge fuel quantity, and is eventually brought to rated output. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of a gas-turbine-power-generation system, 

especially a playback type micro gas turbine generation-of-electrical-energy system. 

[0002] 

[Description of the Prior Art] Although the concentration mold generation-of-electrical-energy system which 
uses large-scale power plants, such as large-sized thermal power station equipment and nuclear-electric-power- 
generation equipment, as a core was in use, since it corresponds to the increment in the power requirements in 
recent years, the power policy of a conventional type is a micro gas turbine (what miniaturized the gas turbine.) 
to each required location of power. What has rated output about 300kW or less is named generically, and it is 
calling like this. The distributed generation-of-electrical-energy system which installs the power plant to twist 
and performs an electric power supply is being carried out. 

[0003] Since generating cost is cheap, the generation-of-electrical-energy system by this micro gas turbine is a 
technical field from which the further spread is expected. In order that many of current and micro gas turbines 
may raise the thermal efficiency, the playback type gas turbine cycle which heats combustion air beforehand 
with turbine exhaust gas is used for it. 

[0004] Here explains the power plant by the gas turbine of the conventional example based on an accompanying 
drawing. First, drawing 1 shows the configuration schematic drawing of a gas turbine. Air al (degrees C [ about 
15 ], lOOkPa.) by which inhalation of air was carried out with the inhalation-of-air compressor C It is 
compressed and becomes the high voltage air a2 (degrees C [ about 150 ], 300kPa). the following — being the 
same ~ This air a2 is led to Regenerator R, and carries out a temperature rise, and this air a3 (degrees C [ about 
700 ], 300kPa) that carried out the temperature rise is led to Combustor CC, and when the fuel thrown in from 
fuel sources is mixed with this air a3 and bums, it serves as elevated-temperature high pressure gas a4 (degrees 
C [ about 1000 ], 290kPa). This gas a4 is led to expansion-turbine T, transforms that heat energy into the kinetic 
energy (revolution) of a blade, and expands, and the exhaust gas a5 (degrees C [ about 800 ], lOOkPa) which 
became low voltage (abbreviation atmospheric pressure) is led to Regenerator R. The exhaust heat of the gas a5 
led to this regenerator R is used for the temperature rise of air a2, and is discharged by atmospheric air a6 
(degrees C [ about 280 ], lOOkPa). In this case, the generator G connected with the output shaft of expansion- 
turbine T will receive the input of the amount which deducted the inhalation-of-air compressor (C) input from 
the expansion-turbine (T) output in general, and will change this into electrical energy. Next, drawing 2 shows a 
T-S diagram. An axis of ordinate T shows temperature and the area which an axis of abscissa S shows entropy, 
plotted the above-mentioned air al, a2, and a3, and the temperature of gas a4, a5, and a6 and the condition of 
entropy, tied it with the continuous line, and was surrounded by these segments serves as a workload. 
[0005] Next, another conventional example of the gas-turbine-power-generation system which combined and 
used the gas turbine engine and the fuel cell is explained based on drawing 3 and drawing 4 . Drawing 3 is the 
configuration schematic drawing, and drawing 4 is the T-S diagram. However, since the part of a fuel cell 
cannot be expressed depending on a T-S diagram, drawing 4 shows only the T-S diagram of the gas turbine 
section. The air bl by which inhalation of air was carried out with the inhalation-of-air compressor C is 
compressed, and turns into the high voltage air b2, this air b2 is led to Regenerator R, and the temperature rise 
of it is carried out and it turns into air b3. This air b3 is led to an air heater (air preheater AH), and it discharges 
as about 1000-degree C elevated-temperature air b4 by throwing in and heating a fuel. This elevated- 
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temperature air b4 is led to the air pole side of a fuel cell FC, and the fuels F2, such as hydrogen, are introduced 
into a fuel electrode side. And a direct current is generated using the chemical reaction of the oxygen in air b4, 
and the hydrogen in a fuel F2. This direct current may be changed and used for an alternating current. Since the 
elevated-temperature air b5 discharged from this fuel cell FC still contains a non-burned fuel, it leads that 
combustion gas b6 to which Combustor CC was made to draw and carry out the perfect combustion of this to 
expansion-turbine T. Combustion gas b6 expands by expansion-turbine T, and it becomes low-pressure 
(abbreviation atmospheric pressure) exhaust gas b7, and this exhaust gas b7 is led to Regenerator R, and is used 
for the temperature rise of air b2. In this case, the sum total of the electric generating power by the fuel cell FC 
and the electric generating power of the generator G directly linked with expansion-turbine T serves as electric 
generating power, and more electric generating power is obtained compared with the case where a generation- 
of-electrical-energy system is constituted from a gas turbine independent. 

[0006] However, the energy conversion efficiency in the above-mentioned gas turbine engine has been the 
technical technical problem to which it is indispensable in the actual condition to pull up this in being unable to 
say that it is high still enough, but aiming at further spread from now on. 
[0007] 

[Problem(s) to be Solved by the Invention] Therefore, the technical problem of this invention is to offer the gas- 
turbine-power-generation system which aimed at improvement in the further thermal efficiency as compared 
with the conventional playback type micro gas turbine. In a regenerative-type-gas-turbine engine, this invention 
persons do the overexpansion of exhaust air of an expansion turbine until they become a pressure below 
atmospheric pressure. By adding a series of processes of emitting into atmospheric air after cooling the exhaust 
air obtained by it, and compressing using another compressor to near the atmospheric pressure again The 
heating value which is emitted outside and goes could be decreased without being changed into mechanical 
work from a gas turbine engine, it found out that it became possible to raise a gas turbine engine's fuel 
consumption and specific power, and this invention was completed. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the gas-turbine- 
power-generation system of this invention The inhalation-of-air compressor which carries out inhalation 
compression of the atmospheric air, and the equipment which it mixes [ equipment ] with fuel gas, and preheats 
or burns the compressed air incorporated through this inhalation-of-air compressor (henceforth a combustor), 
Have the turbine driven with the elevated-temperature high pressure gas from this combustor, and heat 
exchange of the exhaust gas of a turbine is carried out to the outlet air of said inhalation-of-air compressor 
through a regenerator. In the gas turbine system which cools this and is made to emit into atmospheric air as 
low-temperature exhaust gas The 2nd heat cycle device which becomes the exhaust side of said turbine 
(henceforth the 1st turbine) from the 2nd turbine (henceforth an overexpansion turbine) and **** compressor is 
put side by side. After supplying the exhaust gas of said 1st turbine to the 2nd turbine and carrying out the 
overexpansion of that outlet pressure to below atmospheric pressure, while introducing this outlet gas into a 
**** com p r essor, raising that exhaust pressure force to near atmospheric pressure and making it emit into 
atmospheric air It is characterized by driving a generator with the output of one side of said 1st and 2nd 
turbines, or both sides. Furthermore, while leading the compressed air incorporated through said inhalation-of- 
air compressor to a combustor through a regenerator, after it leads the exhaust gas of an overexpansion turbine 
to said regenerator and it carries out heat exchange between the exhaust gas and the outlet air of an inhalation- 
of-air compressor by which the overexpansion was carried out, it becomes possible by making it lead to a **** 
compressor, after cooling this exhaust gas further through a condensator to aim at output buildup of the gas- 
turbine-power-generation system of this invention, and further improvement in thermal efficiency. 
[0009] Since the heating value of the gas turbine cycle which added the overexpansion and the **** pressing 
operation by such 2nd heat cycle device of this invention which is emit to the exterior and goes decreases 
without being change into work among the inputted heat energy as compared with the conventional playback 
type gas turbine cycle , while it can improve energy utilization effectiveness , it can take out more electric 
generating power . Furthermore, when hydrogen fuel is used, carbon-dioxide emissions serve as zero. 
Moreover, configuration major equipments are a compressor, a turbine, a combustor, a heat exchanger, and a 
generator, and it is possible to constitute a system simple, without needing a special technique and a special 
device. In addition, the gas-turbine-power-generation system of this invention becomes combining with a fuel 
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cell simply is possible, and possible [ aiming at improvement in the further energy utilization effectiveness ]. 
[0010] If it takes into consideration applying the gas-turbine-power- generation system of this invention to a 
micro gas turbine generation-of-electrical-energy system furthermore The inhalation flow rate of 300kW or less 
and the ** aforementioned inhalation-of-air compressor for the brake horsepower from said gas-turbine-power- 
generation system ** 3.0 or less kg/sec, Carry out and the pressure ratio of the ** aforementioned inhalation-of- 
air compressor is made into the range of 2.0 thru/or 5.0. ** [ whether when the turbine section of said gas- 
turbine-power-generation system consists of the 1 st turbine (usual expansion-turbine section) and 2nd turbine 
(overexpansion turbine section), the pressure ratio of said 2nd turbine is made into the range of 1.5 thru/or 2.0, 
and ] Or it is desirable to make the ratio of the maximum pressure of the whole (the 1st turbine and 2nd turbine) 
** turbine and the minimum pressure into the range of 3.0 thru/or 10.0. Thus, with constituting, since the 
pressure ratio of an entrance-side turbine (the 1st turbine) and the pressure ratio of an overexpansion turbine 
(the 2nd turbine) are small, neither of gas-turbine-power-generation system of this invention needs to take 
special proof-pressure structure and secret structure, and the economical design of it is attained. Furthermore, 
the maximum of a volume rate of flow also means the small thing, and it does not need to divide the device of 
the low-tension side into 2 casing that there are few inhalation-of-air flow rates, and the pressure ratio of an 
overexpansion turbine is small, and it can realize a compact design. 

[001 1] moreover, as the starting approach of the gas-turbine-power-generation system of this invention of 
having the above-mentioned description The inhalation-of-air compressor which carries out inhalation 
compression of the atmospheric air, and the equipment which it mixes [ equipment ] with fuel gas, and preheats 
or burns the compressed air incorporated through this inhalation-of-air compressor (henceforth a combustor), 
The turbine driven with the elevated-temperature high pressure gas from this combustor, and the overexpansion 
turbine which is connected to the exhaust side of this turbine and drives a motor generator, It is the approach of 
starting the gas-turbine-power-generation system equipped with the auxiliary inlet valve for putting in direct 
picking about the open air on the inlet-port side stream way of the **** compressor which compresses the 
exhaust gas of this overexpansion turbine again, and this **** compressor, a) The process which supplies 
power to a motor generator, is electric and puts an inhalation-of-air compressor and a turbine into operation 
where an auxiliary inlet valve is opened first, b) The process and c which supervise the inspired air volume and 
lifting of an outlet pressure of the inhalation-of-air compressor which increases as the rotational speed of a 
turbine shaft rises When this outlet pressure reaches a predetermined value, The process and d which feed a fuel 
into a combustor and light it The process which increases a fuel until it increases the quantity of a fuel gradually 
and reaches a rated revolution, e) Gradually, when the appliance inlet pressure of closing and a **** 
compressor turns into negative pressure gradually, power generates an auxiliary inlet valve in a turbine shaft. 
The process and f which supervise the situation that the motor generator shifts to the generator from the motor 
Throw in a fuel further from this condition, a generation-of-electrical-energy output is made to increase 
according to charge fuel quantity, and it is characterized by making it make a steady operation condition reach 
through the process eventually brought to rated output. 

[0012] Thus, its thermal efficiency is high, and since the gas turbine system of this invention can take out many 
axial driving force from the conventional gas turbine system, it is useful also as a power system. Therefore, in 
the gas-turbine-power-generation system of this invention which put the 2nd heat cycle device side by side, if it 
replaces with a generator, and rotary machine loads, such as a propeller, are connected to the axis end of a 
power turbine with a generator and power is taken out from the 1 st and 2nd one side or both sides of a turbine, 
it is utilizable as a gas turbine power system which can use the gas turbine system of this invention besides a 
generation-of-electrical-energy application. Furthermore, it becomes possible by making it lead to a **** 
compressor, after cooling the exhaust gas of an overexpansion turbine through a regenerator and a syngas cooler 
in said 2nd heat cycle device output buildup of this gas turbine power system, and to aim at further 
improvement in thermal efficiency. In addition, this invention is not limited to the above-mentioned 
configuration, but is characterized also by the starting approach corresponding to it at further another 
configuration list based on the above-mentioned configuration, respectively. 
[0013] 

[Embodiment of the Invention] Hereafter, in carrying out this invention, referring to a drawing, it is shown in 

order and the suitable example of the gas-turbine-power-generation structure of a system is explained. 

[0014] 1st operation gestalt drawing 5 shows 1 operation gestalt of the gas-turbine-power-generation system of 
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this invention. This drawing is the gas-turbine-power-generation structure-of-a-system schematic drawing by 
this invention, and drawing 6 is that T-S diagram. In this example, the gas-turbine-power-generation system 50 
consists of the inhalation-of-air compressor CI, Regenerator R, Combustor CC, an expansion turbine Tl, the 
overexpansion turbine T2, syngas cooler GC, a **** compressor C2, and a motor generator G. The working 
principle is the same, even if a single turbine may perform expansion performed to below through an expansion 
turbine Tl and the overexpansion turbine T2 and it is this case. Moreover, a motor generator G can deal with 
high-frequency power, and there should just be. Moreover, a motor generator G may be made into a thing 
generator independent [ usual ], and the motor M which linked initial actuation with the inhalation-of-air 
compressor CI directly, or other suitable activator units may perform it (a broken line shows to drawing 5 ). 
Next, the working principle of the gas-turbine-power-generation system of this operation gestalt which consists 
of the above-mentioned configuration is explained. Inhalation of air cl (degrees C [ about 15 ], lOOkPa.) the 
following — being the same — it is compressed in the inhalation-of-air compressor Cl , and becomes the high 
voltage air c2 (degrees C [ about 130 ], 250kPa), heat exchange of close is carried out to exhaust gas at the air 
side of Regenerator R, and temperature rises (air c3, about 700 degrees C, 250kPa). It goes into Combustor CC 
after that, and with a combustor, the thrown-in fuel F is mixed with air and it burns, and the exhaust gas which 
came out of Combustor CC serves as an elevated temperature and high pressure gas c4 (degrees C [ about 
1000 ], 240kPa), and is led to an expansion turbine Tl. Combustion gas expands with an expansion turbine and 
it becomes low-pressure (abbreviation atmospheric pressure) exhaust gas c5 (degrees C [ about 830 ], lOOkPa). 
The overexpansion of it is carried out until exhaust gas c5 is further led to the overexpansion turbine T2 and 
becomes a pressure below atmospheric pressure (exhaust gas c6, about 750 degrees C, 68kPa). At this time, if 
the expansion ratio from a combustor outlet (c4) to an overexpansion turbine outlet (c6) is set up small, the 
exhaust-gas temperature of an overexpansion turbine outlet (c6) will go into Regenerator R in the condition of 
not falling substantially. Moreover, expansion from a combustor outlet (c4) to an overexpansion turbine outlet 
(c6) can also be performed in a single turbine. Heat exchange of the exhaust gas c6 is carried out to inhalation- 
of-air compressor outlet air (c2) with Regenerator R, and temperature falls further (exhaust air c7, about 200 
degrees C, 67kPa). It is cooled so that it may go into syngas cooler GC and may bring close to atmospheric 
temperature further, and the gas c7 which came out of the regenerator goes into the **** compressor C2 
(exhaust air c8, about 35 degrees C, 66kPa). Subsequently, after being compressed to atmospheric pressure by 
the **** compressor, it is emitted to atmospheric air (exhaust air c9, about 85 degrees C, lOOkPa). In addition, 
if heat transfer area of a syngas cooler is enlarged, it is also possible to lower the exhaust gas temperature of 
exhaust air c8 to near the ordinary temperature. Furthermore, it is also possible by using a low-temperature 
refrigerant more to lower the exhaust gas temperature of exhaust air c9 to near ordinary temperature. The 
electric generating power at this time is taken out in general from a turbine output (sum of Tl and T2) as a 
difference which lengthened the compressor input (sum of Cl and C2). 

[001 5] Drawing 6 shows the T-S diagram corresponding to drawing 5 . An axis of ordinate T shows 
temperature and the axis of abscissa S shows entropy. Since the whole area which this drawing plotted the 
temperature of the above-mentioned air (gas) and the condition of entropy, tied it with the continuous line, and 
was surrounded by these segments serves as a workload, generated energy also increases, so that area is large. If 
it compares with drawing 2 which is the conventional example, though the given heating value is the same, the 
heating value emitted without being changed into work is reduced, and it turns out that the gas turbine engine f s 
of this invention energy utilization effectiveness is improving. 

[0016] Then, the property of the gas-turbine-power-generation system of this operation gestalt is explained. An 
example of a result which performed property count about this operation gestalt is shown in drawing 7 and 
drawin g 8 . This invention assumed the application as the so-called micro gas turbine system, and calculated 
supposing the case where the micro gas turbine system which has several kW to about dozens of kW rated 
output also about the following examples of count is constituted. Drawing 7 shows generation efficiency and 
drawing 8 shows specific power. The gas-turbine-power-generation system according [ 30 in drawing 
(rectangular-head plot) ] to this invention and 31 (round-head plot) show the property of the gas-turbine-power- 
generation system by the conventional technique. In addition, count conditions are arranged as follows for the 
comparison with the conventional technique. Furthermore, the pressure ratio of a **** compressor was set to 



1.5. 
[0017] 
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[001 8] As a result of calculating on such conditions, a pressure ratio shows the maximum effectiveness in 2.5, 
and the generation efficiency of the gas-turbine-power-generation system of this invention is about 32 to 33%. 
The maximum specific power is about 135 kJ/kg in a pressure ratio 4, and is about 125 kJ/kg in a pressure ratio 
2.5. When this is compared in the place of the pressure ratio which shows the maximum effectiveness as 
compared with the conventional technique in drawing, it has exceeded about 5 point with generation efficiency, 
and will turn on about 30 kJ/kg in specific power. 

[0019] 2nd operation gestalt drawing 9 shows the suitable operation gestalt at the time of combining and using a 
gas turbine engine and a fuel cell, and constituting the gas-turbine-power-generation system of this invention. 
This drawing is the gas-turbine-power-generation structure-of-a-system schematic drawing by this invention, 
and drawing 10 is that T-S diagram. However, drawing 10 expresses only the T-S diagram of the gas turbine 
section as the conventional example showed. In this operation gestalt, the gas-turbine-power-generation system 
50 consists of the inhalation-of-air compressor CI , Regenerator R, an air preheater AH, a fuel cell FC, 
Combustor CC, an expansion turbine Tl, the overexpansion turbine T2, syngas cooler GC, a **** compressor 
C2, and a motor generator G. If the point that the actuation gases which lead to an air pole calcium are an 
elevated temperature and high voltage is taken into consideration, as for a fuel cell FC, it is desirable that it is a 
pressurized foel cell. Moreover, as this pressurized fuel cell, it is desirable to use the thing of a solid oxide type 
or a melting carbonate mold, in addition, the inlet pressure and temperature of the actuation gas which is alike, 
respectively and is inputted of the air pole of a fuel cell, and a fuel electrode — abbreviation — the same thing is 
desirable. Moreover, it is appropriate for the preheating of a fuel to use a fuel preheater (H). The same is said of 
the following operation gestalten. Next, the working principle of the gas-turbine-power-generation system of 
this operation gestalt which consists of the above-mentioned configuration is explained. Inhalation of air dl is 
compressed in the inhalation-of-air compressor CI, and turns into the high voltage air d2, to Regenerator R, 
heat exchange is carried out to the emission gas d8 from the overexpansion turbine T2 which mentions close 
later, and temperature rises (exhaust air d3). Exhaust air d3 is led to an air heater (air preheater AH) after an 
appropriate time, a fuel Fl is introduced, it considers as about 1,000-degree C elevated-temperature air, and this 
is led to the air pole a fuel cell FC side calcium (exhaust air d4). On the other hand, in the fuel electrode fuel 
cell side An, the fuels F2, such as hydrogen which **** temperature preheated using the fuel preheater H, are 
thrown in, and these cause a chemical reaction within a fuel cell, and generate a direct current. Usually, this is 
changed into the alternating current of commercial frequency with Inverter INV, and is used. In addition, a fuel 
Fl thru/or F3 are the same, and if it considers compatibility with a fuel cell, a methane system fuel or a 
hydrogen system fuel is desirable [ 3 ]. However, in the case of a methane system fuel, a fuel refining machine 
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is required. Furthermore, since a fuel cell is exothermic reaction, it needs to cool this. If the air of d3 which 
came out of Regenerator R using this heat of cooling is heated further beforehand, it can use for reduction of the 
preheating fuel Fl . 10-20% of non-burned fuel is contained in the gas d5 which came out of the fuel cell. This is 
led to Combustor CC, if it requires in order to carry out the perfect combustion of the unburnt fuel, the auxiliary 
fuel F3 of an amount will be added a little, the perfect combustion of these will be carried out, and the exhaust 
gas will be led to an expansion turbine Tl (exhaust air d6). After carrying out an overexpansion until 
combustion gas d6 expands with an expansion turbine Tl, and serves as low-pressure (abbreviation atmospheric 
pressure) exhaust gas d7 and it becomes a pressure below an atmospheric pressure in the overexpansion turbine 
T2 further, it is led to Regenerator R (exhaust air d8). Heat exchange of exhaust air d8 is carried out to the 
compressor outlet air d2, and temperature falls further (exhaust air d9). After cooling so that this may be further 
led to syngas cooler GC and atmospheric temperature may be approached, and considering as exhaust air dlO, it 
compresses to near the atmospheric pressure with the **** compressor C2, and is made to emit to atmospheric 
air (exhaust air dl 1 ). 

[0020] Drawing 10 shows the T-S diagram corresponding to drawing 9 . It was shown in the 1 st operation 
gestalt and the similar form. Drawing 9 shows only the T-S diagram of the gas turbine section as well as the T-S 
diagram of the conventional example shown in drawing 4 . Therefore, although system-wide gross generation 
cannot be expressed only in the area of this T-S diagram, since the amount of generations of electrical energy of 
a fuel cell is added, gross generation is increasing. 

[0021] Then, the property of the gas-turbine-power-generation system of this operation gestalt is explained. 
Also with this operation gestalt, the same property count as the 1 st operation gestalt was performed. About the 
parameter used for count, the same value as the above-mentioned 1 st operation gestalt is used. However, with 
this operation gestalt, since the fuel cell was used together, the fuel was made into hydrogen and calculated in 
consideration of the system configuration which does not need a refining machine. Consequently, according to 
the gas-turbine-power-generation system of this operation gestalt, a pressure ratio shows the maximum 
effectiveness in 4.0, and generation efficiency is about 60%. The maximum specific power is about 670 kJ/kg in 
a pressure ratio 4.0, and is about 530 kJ/kg in a pressure ratio 2.5. If this is compared with the conventional 
technique, it has exceeded about 2 point with generation efficiency, and will turn on about 200 kJ/kg in specific 
power. 

[0022] If Combustor CC is removed and Reheater RH is installed between an expansion turbine Tl and the 
overexpansion turbine T2 as a gas turbine cycle which aimed at improvement in the 3rd operation gestalt and 
the further thermal efficiency, reheat, playback, and an intercooled cycle will be realized, and it will become 
possible to aim at further improvement in energy utilization effectiveness. The configuration schematic drawing 
and T-S diagram are shown in drawing 1 1 and drawing 12 . Here, the case where a reheater is introduced is 
shown in the system of the 2nd operation gestalt which combined and used the fuel cell. The part which is 
different from the above-mentioned 2nd operation gestalt is explained about the working principle of a **** 
operation gestalt. With this operation gestalt, the outlet gas e5 of the air pole calcium of a fuel cell FC is 
introduced into an expansion turbine Tl with the fuel which came out of the fuel electrode An. At an expansion- 
turbine (Tl) outlet, the exhaust gas e6 which expanded and became low voltage (abbreviation atmospheric 
pressure) is discharged. This gas e6 is introduced into Reheater RH, and the elevated-temperature high pressure 
gas e7 which carried out temperature up again is led to the overexpansion turbine T2 by mixing a fuel F3 and 
burning. 

[0023] In addition, although abbreviation identitas of expansion-turbine (Tl) inlet temperature and the 
overexpansion turbine (T2) inlet temperature is carried out, it is usually desirable about the pressure point which 
installs Reheater RH, to be chosen as the point which serves as a square root of the product of the pressure ratio 
of an expansion turbine Tl and the pressure ratio of the overexpansion turbine T2 in this case. At this time, 
generation efficiency serves as max. 

[0024] Drawing 12 shows the T-S diagram corresponding to drawing 1 1 . Thus, by incorporating the reheat 
process which heats gas e6 again, in this operation gestalt, a gas-turbine-power-generation system can be 
operated using reheat, playback, and an intercooled cycle, and it becomes possible to consider as the gas turbine 
which was excellent in energy efficiency. Moreover, there is the description referred to as being able to make 
easy load adjustment by the side of a gas turbine by changing the outlet temperature of Reheater RH. 
[0025] Thus, in the gas turbine cycle which added the overexpansion and the **** pressing operation by this 
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invention, since the heating value emitted without being changed into work as compared with the conventional 
playback type gas turbine cycle is reducible, energy utilization effectiveness can be raised. When it sees by the 
T-S diagram, in the gas turbine cycle of this invention, it turns out that the range which operates in the field 
below an atmospheric pressure is newly obtained, and this part serves as gain as compared with the 
conventional gas turbine cycle. Hereafter, in presenting practical use with the gas-turbine-power-generation 
system of this invention concretely, the desirable example about the example of a configuration in the case of 
using it not as further another example of a configuration of the starting approach of a generation-of-electrical- 
energy system, auxiliary machinery and equipment, and a gas-turbine-power-'generation system and a power 
plant but as a source for machine actuation of power and another example of application of a fuel cell is 
explained, illustrating in order. 
[0026] 

[Example] First, the starting approach of the gas-turbine-power-generation system of this invention is 
explained. In addition, it is clear that it can start in a short time since it is not necessary to pass through a part 
[ made / the gas-turbine-power-generation system of this invention was using the regenerator, and / to bypass 
this at the time of starting / bigger / heat capacity ]. 

[0027] Starting approach drawing 13 and drawing 14 of the example 1 1 st operation gestalt show the example 
of 1 configuration for starting the gas-turbine-power-generation system of this invention by the 1 st operation 
gestalt mentioned above. These add suitably the valve for using for starting of the gas-turbine-power-generation 
system shown in drawing 5 etc., respectively, draw it, and show it. 

[0028] One to one or less example explains along with drawing 13 per example of the starting approach of the 
gas-turbine-power-generation system shown in the 1 st operation gestalt. This example installs the auxiliary inlet 
valve VI so that the open air can be directly inhaled in the medium of piping for gas which connects syngas 
cooler GC and a **** compressor (C2) inlet port. VI makes it open at the time of starting. Since this example 
has the advantage to which a system structure becomes easy, when it does not need quick start and rapid load 
picking, it is useful. At the time of starting, a motor generator G operates as a motor for starting. Also in each 
following example, it is the same. Starting of the gas-turbine-power-generation system by this example is 
performed along with the following procedure. ** First, VI considers as open and starts this, using the motor 
generator G by which coaxial connection was carried out with the turbine shaft as a starting motor. ** The 
inspired air volume and the outlet pressure of the inhalation-of-air compressor CI go up as rotational speed 
rises. ** In the place where the outlet pressure of an inhalation-of-air compressor reached the desired pressure, 
feed a fuel into a combustor and light it. ** Increase a fuel until it increases the quantity of a fuel gradually and 
reaches a nominal speed. ** If VI is closed gradually after that, when the pressure of the **** compressor (C2) 
inlet port c8 becomes negative pressure gradually, and a turbine-compressor system produces a mechanical 
output, a motor generator will shift to a generator from a motor. ** Throw in a fuel farther from this condition, 
a generation-of-electrical-energy output is made to increase according to charge fuel quantity, and rated output 
can be obtained eventually. 

[0029] By the starting approach described above example 1-2, the time amount which starting takes since 
working medium passes a regenerator with large heat capacity also at the time of starting though a configuration 
is easy may be long. Then, according to the starting approach as shown in following drawing 14 , the time 
amount which starting takes can be shortened. In this example, while installing the auxiliary inlet valve VI so 
that the open air can be directly inhaled in the medium of piping for gas which connects syngas cooler GC and a 
**** compressor (C2) inlet port, pneumatic piping BP1 is formed between the inhalation-of-air compressor 
(CI) outlet c2 and the combustor (CC) inlet port c3 so that Regenerator R may be bypassed, and a flow control 
valve V2 is installed there. Moreover, after pneumatic piping BP1 branches, a flow control valve V3 is installed 
in the process line Ml until it reaches a regenerator (R) inlet port. At the time of starting, VI and V2 take as 
open, and V3 is taken as close. According to the starting approach using such a configuration, since working 
medium bypasses a regenerator with large heat capacity at the time of starting, warm-up time can be shortened. 
Starting of the gas-turbine-power-generation system by this example is performed along with the following 
procedure. ** First, VI and V2 consider as open, and V3 considers as close, and start this, using the motor 
generator G by which coaxial connection was carried out with the turbine shaft as a starting motor. ** The 
inspired air volume and the outlet pressure of the inhalation-of-air compressor CI go up as rotational speed 
rises. ** In the place where the outlet pressure of an inhalation-of-air compressor reached the desired value, 
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feed a fuel into Combustor CC and light it. ** Increase a fuel until it increases the quantity of a fuel gradually 
and reaches a nominal speed. ** If VI is closed gradually after that, when the pressure of the **** compressor 
(C2) inlet port c8 becomes negative pressure gradually, and a turbine-compressor system produces a mechanical 
output, a motor generator will shift to a generator from a motor. ** According to charge fuel quantity, an output 
increases after that. That is, it operates as a simple cycle gas turbine. If V3 is gradually opened at the same time 
it closes V2 gradually in parallel with actuation of ** ** at the suitable event of after that, the compressed air 
will come to pass to Regenerator R, the operational status by the regenerative cycle of normal will be 
approached from operation by the simple cycle, and if V2 is a close by-pass bulb completely and V3 is opened 
folly, the same operational status as the time of a stationary will be acquired. In addition, when [ suitable ] 
beginning to open V3 and going at the same time it closes a valve V2, it is desirable that it is an event of a 
turbine-compressor system reaching a nominal speed or the mean temperature of a regenerator becoming the 
temperature and abbreviation identitas of C2. 

[0030] Starting approach drawing 15 and drawing 16 of the example 2 2nd operation gestalt show the example 
of 1 configuration for starting the gas-turbine-power-generation system of this invention by the 2nd operation 
gestalt mentioned above. These add suitably the valve for using for starting of the gas-turbine-power-generation 
system shown in drawing 9 etc., respectively, draw it, and show it. 

[003 1] While this example shown in example 2-1 drawing 15 installs the auxiliary inlet valve VI so that the 
open air can be directly inhaled in the medium of piping for gas which connects syngas cooler GC and a **** 
compressor (C2) inlet port with the gas-turbine-power-generation system shown in drawing 9 R> 9 as a 
component for starting Pneumatic piping BP2 is formed between a regenerator (R) outlet and a combustor (CC) 
inlet port so that a fuel cell FC may be bypassed, and a flow control valve V4 is formed between them. 
Furthermore, after pneumatic piping BP2 branches, a flow control valve V5 is installed in the piping M2 until it 
reaches an air-preheater (AH) inlet port. What showed each valve by void all over drawing at the starting 
initiation event is opened (VI, V4), and what was smeared away black reversely is closed (V5). First, an 
example of the gas turbine engine's [ itself] activation procedure is explained. ** First, make VI and V4 open, 
make V5 close, and start this, using the motor generator G by which coaxial connection was carried out with the 
turbine shaft as a starting motor. ** The inspired air volume and the outlet pressure of an inhalation-of-air 
compressor (CI) go up as rotational speed rises. ** In the place where the outlet pressure of an inhalation-of-air 
compressor reached the desired value, feed a fuel F3 into Combustor CC, and light it. ** Increase a fuel until it 
increases the quantity of a foel gradually and reaches a nominal speed. ** If VI is closed gradually after that, 
when the pressure of a **** compressor (C2) inlet port becomes negative pressure gradually, and a turbine- 
compressor system produces a mechanical output, a motor generator will shift to a generator from a motor. ** If 
a fuel is further thrown in in this condition, an output will increase according to charge foel quantity, and the 
condition of rated operation will be acquired eventually. Next, warming-up of a foel cell and an example of an 
operation procedure are explained. After a gas turbine goes into the condition of individual operation, if V5 is 
opened gradually and it goes at the same time it closes **V4 gradually, the compressed air d3 will come to pass 
to a foel cell side. It can warm up by throwing in the foel Fl for air preheating if needed in this condition. ** By 
subsequently throwing in the foel F2 for foel cells, the operational status which corresponds at the time of a 
stationary is acquired. In this case, the foel F3 fed into Combustor CC is reduced gradually if needed, and 
should just go so that gas turbine inlet temperature may not become excessive. According to this example, since 
the number of valves can constitute the starter system of few gas turbines also with an easy control system, it is 
effective when you do not need quick start. Moreover, while high generation efficiency is maintainable at the 
time of gas turbine individual operation, the need is accepted during gas turbine individual operation, a foel cell 
is warmed up and started, and it becomes possible to realize vibes lid operation with a gas turbine and a foel 
cell. 

[0032] According to the example shown in drawing 1 6 of the two to secondary example, it becomes possible to 
realize short-time starting of a gas turbine from the example 2-1 shown previously. That is, according to the 
configuration of this example, at the time of starting, since working medium bypasses a regenerator with large 
heat capacity and goes, it can shorten warm-up time. In this example, the component added to gas turbine 
starting becomes valves VI, V2, V4, and V5 and a list from the bypass piping BP1 and BP2, the auxiliary inlet 
valve VI is formed in the same location as each above-mentioned example, and a flow control valve V5 is 
formed between (Regenerator R) outlet-air-preheater (AH) inlet ports. Moreover, are prepared so that the 
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bypass piping BP1 may link an air compressor (CI) outlet and a combustor (CC) inlet port directly, a flow 
control valve V2 is arranged in the medium, and also it is prepared so that the further bypass piping BP2 may 
link between (Regenerator R) outlet-flow-control-valve (V5) inlet ports and between the fuel cell (FC) outlet- 
(combustor CC) inlet ports directly, and a flow control valve V4 is arranged at the middle. What showed each 
valve by void all over drawing at the starting initiation event is opened (VI, V2), and what was smeared away 
black reversely is closed (V4, V5). The procedure of starting of a gas turbine engine and a fuel cell is as 
follows, and after it starts a gas turbine engine first, it starts a fuel cell, the gas turbine engine's itself starting — 
** ~ first, VI and V2 are made to V4, open and V5 are made close, and this is started, using the motor 
generator G by which coaxial connection was carried out with the turbine shaft as a starting motor. ** The 
inspired air volume and the outlet pressure of the inhalation-of-air compressor CI go up as rotational speed 
rises. ** In the place where the outlet pressure of an inhalation-of-air compressor reached the desired value, 
feed a fuel F3 into Combustor CC, and light it. ** Increase a fuel until it increases the quantity of a fuel 
gradually and reaches a nominal speed. ** If VI is closed gradually after that, when the pressure of a **** 
compressor (C2) inlet port becomes negative pressure gradually, and a turbine-compressor system produces a 
mechanical output, a motor generator will shift to a generator from a motor. ** If V2 is closed gradually after 
that and V4 is opened, the compressed air d2 will come to pass Regenerator R, and thermal efficiency will rise. 
** An output increases according to charge fuel quantity, and a gas turbine reaches the condition of rated 
operation eventually. This is the individual operation of a gas turbine. Although warming up of a fuel cell is 
performed succeedingly and its starting and operation are performed, the procedure is explained below. After a 
gas turbine goes into the condition of individual operation, if V5 is gradually opened at the same time it closes 
**V4 gradually, the compressed air d3 will come to pass to a fuel cell (FC) side. ** By throwing in the fuel Fl 
for air preheating, and the fuel F2 for fuel cells if needed in this condition, the operational status which 
corresponds at the time of a stationary is acquired. In this case, the fuel F3 fed into Combustor CC is reduced 
gradually if needed, and should just go so that turbine inlet temperature may not become excessive. 
[0033] The activation procedure is explained below also about the starting approach of the example 3 3rd 
operation gestalt, and the gas-turbine-power-generation system of this invention corresponding to the 3rd 
operation gestalt. Drawing 17 is the configuration schematic drawing which added the component for gas 
turbine starting to drawing 1 1 . According to this example, early starting is realizable, and also even when a gas 
turbine independent combined and uses a fuel cell further, it can offer the gas-turbine-power-generation system 
which can be operated using a regenerative cycle. In this example, the component added to gas turbine starting 
becomes valves VI, V3, V5, V6, and V7, the auxiliary combustor B, and a list from the bypass piping BP3 and 
BP4, the auxiliary inlet valve VI is formed in the same location as each above-mentioned example, and a flow 
control valve V5 is formed in the medium between (Regenerator R) outlet-air-preheater (AH) inlet ports. The 
bypass piping BP3 Moreover, between the inhalation-of-air compressor (CI) outlet-(regenerator R) inlet ports, 
It is prepared so that between fuel cell (FC) outlet- turbine (CI) inlet ports may be linked directly, the medium of 
pneumatic piping which a flow control valve V6 and the auxiliary combustor B are arranged in order from the 
upstream in the medium, and also connects an inhalation-of-air compressor (CI) outlet and a regenerator (R) 
inlet port — and a flow control valve V3 is arranged at the back-wash side to which the above-mentioned bypass 
piping BP3 branched. The bypass piping BP4 which furthermore links between the flow-control -valve (V6) 
outlet-auxiliary (combustor B) inlet ports and between (Regenerator R) outlet-flow-control-valve (V5) inlet 
ports directly is formed, and a flow control valve V7 is formed in the medium. What showed each valve by void 
all over drawing at the starting initiation event is opened (VI , V6), and what was smeared away black reversely 
is closed (V3, V5, V7). starting of a gas turbine engine - ** — first, VI and V6 consider as open, V3, V5, and 
V7 consider as close, and this is started, using the motor generator G by which coaxial connection was carried 
out with the turbine shaft as a starting motor. ** The inspired air volume and the outlet pressure of the 
inhalation-of-air compressor CI go up as rotational speed rises. ** In the place where the outlet pressure of an 
inhalation-of-air compressor reached the desired value, feed a fuel F4 into the auxiliary combustor B, and light 
it. ** Increase a fuel until it increases the quantity of a fuel gradually and reaches a nominal speed. ** If VI is 
closed gradually after that, when the pressure of a **** compressor (C2) inlet port becomes negative pressure 
gradually, and a turbine-compressor system produces a mechanical output, a motor generator will shift to a 
generator from a motor. If a fuel is further thrown in in this condition, an output will increase according to 
charge fuel quantity. ** The desired amount of generations of electrical energy can be obtained by feeding a 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 8/2005 



JP,2003-193865,A [DETAILED DESCRIPTION] 



Page 10 of 12 



fuel into Reheater RH further here in addition to the fuel charge to the auxiliary combustor B. ** If V3 and V7 
are gradually opened at the same time it closes V6 gradually after that, air will flow to Regenerator R side, and 
if V6 is set to V3 and a close by-pass bulb completely and V7 set it opened fully, reheat / playback mold gas 
turbine cycle is formed, and it will be in the condition which can be operated by the gas turbine independent as 
it is. After it is the same as that of each above-mentioned example also about warming-up and starting of the 
following fuel cells and a gas turbine goes into the condition of individual operation, if V5 is opened gradually 
and it goes at the same time it closes **V7 gradually, the tempered air e3 which came out of Regenerator R to 
the air pole calcium side of a fuel cell will come to pass. The same operational status as the time of a stationary 
can be reached by supplying the fuel F2 for fuel cells to a fuel electrode An side if needed at this time. 
Moreover, the fuel F3 fed into Reheater RH is reduced gradually if needed, and should just go so that turbine 
inlet temperature may not become excessive. 

[0034] An example is shown and collection / abatement facility of the water of condensation is explained to 
below example 4 auxiliary machinery and equipment. Drawing 1 8 shows a suitable example of collection / 
abatement facility of the water of condensation produced in a gas-turbine-power-generation system. In the 
working medium in a gas turbine cycle, the moisture contained in inhalation of air and the moisture produced 
by the combustion reaction of the hydrocarbon in a fuel and oxygen are contained. If it passes a syngas cooler 
under low voltage and will be in low temperature and a low voltage condition, it may appear as the water of 
condensation and may be in the so-called 2 phase style condition. If it goes into a **** compressor in this 
condition, not only the compressor engine performance falls, but the corrosion of piping and the erosion of an 
impeller may occur. In order to avoid this risk, it is necessary to remove the water of condensation in gas 
exactly. Then, the following can be considered as a clearance means of this water of condensation. 

1) The 1st means is a means to discharge outside the drain which prepared drain **** in the lowest location of 
piping which connects syngas cooler GC and a **** compressor (C2) inlet port, and collected here with a small 
drainage pump, first. 

2) Moreover, the 2nd means is a means to install a steam separator in the middle of piping which connects 
syngas cooler GC and a **** compressor (C2) inlet port, and to separate the moisture in gas. Drawing 1 8 shows 
an example of a water-of-condensation clearance facility which used this means. What uses the turn of an air 
current with ** guidance plate etc., ** centrifugal-force operation, or the actuation to ** baffle as a steam 
separator can be used. 

3) Furthermore, a means to form the scrubber of the baffle metallurgy network of a corrugated plate for the rate 
of an air current in lowering and its part, and to separate the moisture in gas may be used as the 3rd means by 
considering a part of piping which connects between syngas cooler GC outlet-**** compressor (C2) inlet ports 
as amplification piping. 

the above — it is the same even if it is the case where clearance of drain water was possible, and also these are 
combined with any means. Moreover, what is necessary is just to use the ejector mechanism of steamy actuation 
as a wastewater means of drain ****** and others of the drain water by which uptake was carried out with the 
above-mentioned means, when ** steam other than a ** small drainage pump can be used. Since it needs a 
steam in reforming a methane fuel especially, branching and using from there is rational. ** The approach of 
using the ejector mechanism of compressed-air actuation again is also possible. The compressed air has the 
advantage from which a special ancillary facility becomes unnecessary, if a part of outlet air of an inhalation-of- 
air compressor is used. 

[0035] It is also possible to separate the overexpansion turbine T2 and the **** compressor C2 which constitute 
the 2nd heat cycle device from the body of a system as an example of a configuration different from simple and 
the 1 st operation gestalt of the economical operation gestalt above of example 5 this invention thru/or the 3rd 
operation gestalt, and to constitute the gas-turbine-power-generation system of this invention. The example is 
shown in drawing 19 and drawing 20 . The gas-turbine-power-generation system of this invention by which 
drawing 19 separated the overexpansion turbine and the **** compressor, and the gas- turbine-power- 
generation system which drawing 20 combined the fuel cell with this, and used are shown. It can substitute for 
this 2nd heat cycle device (put together as the overexpansion turbine T2 and the **** compressor C2) by using 
a general-purpose supercharger as it is, and a supercharger can use what is used as a turbocharger of an 
automobile engine or the engine for marine vessels. In that case, the part surrounded with the broken line in 
drawing 19 and drawing 20 is transposed to a supercharger. It can consider as the economical system which 
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raised energy utilization effectiveness conventionally, being able to constitute simply, since the gas-turbine- 
power-generation system of this invention can be constituted from combining a usual playback type micro gas 
turbine and a usual general-purpose supercharger, if it carries out like this. Furthermore, since a supercharger 
part is made on the shaft and another shaft to which a generator is connected, it also becomes possible to always 
drive a supercharger near [ most efficient ] the rotational frequency. In addition, like the 3rd operation gestalt, 
between an expansion turbine Tl and the overexpansion turbine T2, a reheater can be put in and energy 
utilization effectiveness can be raised further. Moreover, separate the part of a supercharger (T2 and C2), 
connect suitably for X point in drawing, and Y points for the bypass piping BPS, and the outlet of an expansion 
turbine Tl is connected with the gas side entrance of Regenerator R. If the exhaust air c7 from the gas side 
outlet of Regenerator R or d9 is emitted into atmospheric air as they are as the broken line showed, since the 
conventional playback type gas turbine cycle will be formed For example, like winter or a cold district, when 
the need of exhaust heat utilization is large, it can respond at any time by the change of an operation situation, 
and it is useful. 

[0036] Its thermal efficiency is high, and since the gas turbine system of example this invention as a source for 
example 6 machine actuation of power can take out many axial driving force from the conventional gas turbine 
system, it is useful also as a power system. Therefore, it is possible by replacing with a generator and 
connecting rotary machine loads, such as a propeller, to the axis end of a power turbine with a generator to use 
the gas turbine system of this invention as a source for machine actuation of power except a generation-of- 
electrical-energy application. Especially, it is thought that the activity as the source of power driven and power 
source of a marine vessel, and a prime mover of a drainage pump is appropriate. It is constituting as a power 
turbine which connected the inhalation-of-air compressor CI, the expansion turbine Tl, and the **** 
compressor C2 with the 1 st one driving shaft, considered as the gas generator, and connected another side and 
the overexpansion turbine T2 with 2nd driving shaft with the 1st another driving shaft, and it is also possible to 
use the gas turbine system of this invention as the so-called tandem-drum-arrangement gas turbine so that it 
may furthermore illustrate to drawing 2 1 . Thus, if constituted, the 2nd driving shaft is not governed by the 
rotational frequency of the 1 st driving shaft, but can be driven at the rotational frequency of a request of the 
rotary machine load connected to the 2nd driving shaft. 

[0037] Although the above-mentioned example explained the fuel cell which combined with the gas turbine 
engine and is used in the gas-turbine-power-generation system of another example this invention of application 
of example 7 fuel cell by mentioning a pressurized fuel cell from the point that high voltage and high 
temperature can be used, it is also possible to apply an atmospheric fuel cell with a gestalt which is described 
below in this invention. One suitable example of the gas-turbine-power-generation system which combined and 
used the gas turbine cycle and atmospheric fuel cell of this invention for drawing 22 is shown. Since an 
atmospheric fuel cell operates near the ordinary pressure of an abbreviation atmospheric pressure, when 
applying in the gas-turbine-power-generation system of this invention, if the point that the exhaust air which 
came out of the expansion turbine Tl is an abbreviation atmospheric pressure is taken into consideration, it can 
arrange in the medium of an expansion turbine Tl and the overexpansion turbine T2. When this atmospheric 
fuel cell is combined and used for the gas-turbine-power-generation system of this invention, since the shift to 
concomitant use operation from the individual operation of a gas turbine with a fuel cell and a gas turbine is 
performed by dealing with the gas of ordinary pressure, it is advantageous at insurance and the point which can 
be performed easily. Namely, what is necessary is to close V9 and just to operate, while opening V8 at the time 
of the individual operation of a gas turbine. On the other hand, what is necessary is to close V8 and just to 
operate, while opening V9 at the time of concomitant use operation with a fuel cell and a gas turbine. Moreover, 
since the capacity which goes to a fuel cell side can be adjusted by adjusting the opening of V8 and V9 suitably 
at the time of the shift to concomitant use operation from the individual operation of a gas turbine with a fuel 
cell and a gas turbine, it is possible at the time of shift operation by the rated output in the steady state from the 
warm-up of an early fuel cell and to perform both load adjustment easily further. In addition, in order to carry 
out the perfect combustion of the unbumt fuel after a fuel cell outlet, if it requires, a reheater will be installed 
before the overexpansion turbine T2. 
[0038] 

[Effect of the Invention] As explained above, according to the gas-turbine-power-generation system of this 
invention Since the heating value emitted outside is reduced in comparison with the conventional gas-turbine- 
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power-generation system, without being changed into work even if the heating value and fuel quantity to give 
are the same, The remarkable effectiveness that more electric generating power can be taken out will be 
acquired, especially it contributes to the cutback of electric power generation cost dramatically at the same time 
a gas turbine engine's fuel consumption improves as a result. In building especially a small distributed energy 
system, it is the most effective. It is clearer than the above that it is also possible to contribute also to reduction 
of carbon-dioxide emissions as a result furthermore. Moreover, it can utilize besides a generation-of-electrical- 
energy application, and the gas turbine system of this invention can obtain thermal efficiency high as a gas 
turbine power system, and axial big driving force. 



[Translation done.] 
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